Intra-articular placement of a vacuum drain can reduce undesirable blood accumulation and thus prevent intraarticular or subcutaneous hematoma formation.
Clinics in Orthopedic Surgery • Vol. 11, No. 1, 2019 • www.ecios.org total blood loss. 4) But it may lead to hematoma formation, pain, bleeding into dressings, wound tension, and hence slow down rehabilitation progress. 5) Despite the paucity of clinical evidence demonstrating any benefit supporting their use, intra-articular drains continue to be used after elective orthopedic procedures by many arthroplasty surgeons. 6, 7) However, even amongst the surgeons favoring the use of drains, there is no standardization to the size of drain to be used. 8) Significant reduction in blood loss with the use of tranexamic acid (TxA), intravenous and local application, has now recently been well established. 9, 10) This raises the question whether drains still have a beneficial role to play in modern day total knee arthroplasty (TKA) or whether the use TxA has made drains obsolete. Drains may still be useful in controlling swelling and preventing wound complications. Most of the literature on the use of drain in TKA is either from the pre-TxA era or remains silent on the impact of TxA on potential benefits of drains. There is scant literature on the use of drains in conjunction with use of TxA.
This study was undertaken with the aim to compare the results of closed suction wound drainage and no drainage in TKA when TxA is being used to minimize blood loss. This would also answer the question whether the use of TxA in TKA overcomes the shortcomings of not using a drain such as hematoma formation or frequent wound soakage. A secondary objective of the study was to compare results following the use of a small versus large bore drain. We hypothesize that the use or non-use of a drain will not make any difference to the postoperative pain, opioid consumption, blood loss, dressing-related complications, range of motion and questionnaire-based outcomes measure when current day techniques of minimizing blood loss, such as use of TxA, are employed.
METHODS
This prospective randomized study was conducted at a Breach Candy Hospital and Lilavati Hospital and Research Centre between May 2015 and May 2016, after obtaining Institutional Review Board and Ethics Committee approval (Project No. P1/2015). A pilot study of 45 patients was carried out to calculate the sample size and assess feasibility. Based on this pilot, keeping the two-sided confidence level at 95% and power of study as 80%, we arrived at a minimum sample size requirement of 68. 11) During the period of the study, 135 patients that underwent unilateral primary TKA by a single surgeon (RNM) were considered for inclusion in the study. Of these, 105 patients were included in the study and the rest were excluded for the following reasons: 16 were on anticoagulants preoperatively; seven patients had a body mass index above 40 kg/m 2 ; four refused consent for participation in study; and three had inflammatory arthritis (Fig. 1) authorizing radiological examination, photographic documentation, and surgery. Routine preoperative work-up and review by an anesthetist was done 1 week prior to the surgery. Patients were explained the physiotherapy exercises preoperatively and hemoglobin level was checked 1 day prior to surgery. New Knee Society Score was used to assess preoperative status of the knee. They were then randomly allotted to one of the three groups based on a computer-generated randomization list. In group A, a 12G (4-mm) size vacuum suction drain was used, in group B a 10G (3.3-mm) size drain and in group C no drain was used. All three groups had 35 patients each.
All patients were operated by the same technique using PFC Sigma series of total knee prostheses (DePuy Orthopaedics Inc., Warsaw, IN, USA). All patients were operated under combined spinal and epidural anaesthesia (epidural catheter was removed after 24 hours). Intravenous antibiotics and 10 mg/kg TxA were administered half hour before tourniquet inflation. The tourniquet was inflated after exsanguination with Esmarch bandage before skin incision. The joint was exposed via a midline skin incision and medial parapatellar approach. Computerassisted navigation was used in all patients to achieve an accurate postoperative limb alignment. After cementing the components, the joint was soaked with 3 g of TxA in 100 mL of normal saline. Once cement hardened, the tourniquet was deflated and bleeders were cauterized. A 100-mL cocktail of ketorolac (30 mg, 1 mL), bupivacaine (0.5%, volume in mL calculated as 40% of bodyweight), epinephrine (5 μg/mL, 0.01 mL/kg of body weight) and normal saline is used for periarticular injection. Out of this, 70 mL is injected into the deeper structures (posterior capsule, around collateral ligaments, quadriceps muscle and joint capsule) and 30 mL into superficial structures (subcutaneous tissue). At the end of operation; according to the group, drain of corresponding size (if patient belonged to group A or B) was inserted in the articular space with the other end coming out from a puncture on the lateral aspect of the distal thigh. For group C patients, drain was not inserted. Closure of joint capsule, deep fascia, subcutaneous tissue and skin was done in layers by the same technique in all patients. A four-layered cotton gauze was used to cover the surgical site, after which the limb from mid-thigh to mid-leg was wrapped with a gamjee roll. The drain, if inserted, was clamped for initial 2 hours and then opened. The day of surgery was considered as day 0. The next day was considered day 1.
Patient-controlled analgesia with an infusion pump containing morphine 1 mg/mL was used for pain management. Apart from this, oral paracetamol (1 g, three times a day) and diclofenac suppositories (100 g, twice a day) were used for all patients. For the patients operated in the morning hours, the drain was removed next day afternoon at 12 pm. For the patients operated after 12 pm, the drain was removed on the next day, 24 hours after closure, at 4 pm. Change of dressing was done on day 1 morning which included cleaning of wound by chlorhexidine solution and then applying four layers of cotton gauze maintaining the same thickness of dressing for all patients.
Patients who were operated in the morning were mobilized on the same day evening and those operated in the afternoon were mobilized the next day morning. Subcutaneous low molecular weight heparin (4,000 IU or 40 mg) was given once a day from day 1 till the day of discharge and below knee compression stockings were used as deep vein thrombosis (DVT) prophylaxis. Patients were shifted to oral anticoagulant (rivaroxaban, 10 mg daily) at the time of discharge, which was then continued till suture removal (2 weeks). Intravenous antibiotics were continued till day 1. Hemoglobin levels were assessed on day 1 and day 3. Knee bending at the edge of bed was started from day 2 and straight leg raising was assessed on day 3. A skin marking pen was used to mark the points for measurement of suprapatellar girth (2 cm above the superior pole of patella) and calf girth (2 cm below tibial tuberosity). These measurements were then taken daily on the marked points. Range of motion, pain on visual analog scale (VAS), soakage of dressing and ecchymosis were also noted down daily till discharge. During the period of admission and on subsequent follow-up visits, calf tenderness was noted as part of postoperative assessment. Any patient with calf tenderness and an increase in girth measurement was investigated further by a venous color Doppler to look for DVT. Temperature charting was maintained for all patients while admitted in the hospital. Fever beyond postoperative day 2, rise in leucocyte counts, rising trend of inflammatory markers (erythrocyte sedimentation rate and C-reactive proteins) and discharge from surgical site were considered as indicators of surgical site infection and warranted aspiration of the knee to confirm infection.
Blood transfusion was indicated in patients with hemoglobin levels less than 8 mg/dL and who had developed symptoms such as tachycardia, tachypnea or decreased exercise tolerance postoperatively despite having hemoglobin levels between 8 mg/dL and 10 mg/dL. Clinical evaluation and hemoglobin levels were re-evaluated 6 weeks after the surgery.
For calculation of the total blood loss by the hemoglobin balance method, the patient's blood volume was Clinics in Orthopedic Surgery • Vol. 11, No. 1, 2019 • www.ecios.org first calculated using the formula of Nadler et al. 12) as follows: patient's blood volume = (k1 × height3 [m]) + (k2 × weight [kg]) + k3; where k1 = 0.3669, k2 = 0.03219, and k3 = 0.6041 for male and k1 = 0.3561, k2 = 0.03308, and k3 = 0.1833 for female. The loss of hemoglobin then was estimated according to the following formula: Hbloss = patient's blood volume × (Hbi − Hbe) × 0.001 + Hbt, where Hbloss (g) was the amount of hemoglobin lost up to day 3 after surgery, Hbi (g/L) was the hemoglobin concentration before surgery, Hbe (g/L) was the hemoglobin concentration on the third day after surgery, and Hbt (g) was the amount of hemoglobin transfused. 13, 14) From these, the total blood loss in milliliters was calculated as follows: total blood loss = 1,000 × Hbloss/Hbi. 15, 16) All patients were followed at 2 weeks, 6 weeks, 3 months and 1 year from the surgery. There was no loss to follow-up till 3 months from the surgery. However, 18 patients (17%) were unable to come for their 1-year followup. Although we could not record the functional status and NKSS of these patients, we did contact them telephonically to enquire about status of the knee and presence of any signs or symptoms of surgical site infection. All 18 patients were satisfied with the outcome of their surgery and had not developed any signs or symptoms of infection.
Statistical analysis was carried out using SPSS ver. 15.0 (SPSS Inc., Chicago, IL, USA). Data were given as mean and standard deviation for quantitative data and number (%) for qualitative data. Student unpaired t-test was applied to compare means between two groups. Analysis of variance (or F-test) was applied to compare means of three groups. Chi-square test was applied to compare percentages among three groups. All statistical tests were two tailed. Level of significance (α) was taken as p = 0.05.
RESULTS

Demographics, Pre-and Intraoperative Characteristics
The demographics, pre-and intraoperative characteristics of these groups are depicted in Table 1 . The groups were comparable in all aspects except with regard to gender distribution and incidence of thyroid disorders. Intraoperative variables of tourniquet time, pressure, and duration of surgery were also comparable between the three groups.
Pain
Consumption of morphine during the first 6 hours after the surgery was significantly higher (p = 0.036) when no drain was used ( Table 2) . Post-hoc analysis by Tukey test revealed that the significant difference lay between group A (12G drain) and group C (no drain). This was in spite of the fact that all patients received the same periarticular analgesic cocktail prior to closure. However, morphine consumption 6-24 hours and 24-48 hours and total consumption were comparable between the three groups. Even subjective assessment of pain via VAS did not differ significantly amongst the groups on day 1, 2, 3, or 4. 
Blood Loss
Total blood loss calculated by the hemoglobin balance method was comparable between the three groups ( Table  3) . Use of a 10G or 12G drain made no significant difference to the total blood loss in the drain. Even when blood loss in the drain was analyzed separately for the first 6 hours and 6-24 hours, there was no significant difference between 10G and 12G drains. Only two patients in the study received a blood transfusion, one in group A and one in group C.
Swelling and Dressing
The three groups had a comparable trend of rise and fall of suprapatellar and calf girth measurements (Fig. 2) . In group A 17.1% patients and in group B 11.4% patients developed blood soakage of dressing over the drain exit site. Dressing over the surgical site developed blood soakage in 14.2%, 11.4%, and 14.2% of patients in groups A, B, and C, respectively. These differences in the incidence of soakage of drain site dressing and surgical site dressing were not statistically significant (p = 0.494 and p = 0.921, respectively). None of the patients in the study developed a surgical site infection or DVT.
Range of Motion and Straight Leg Raising
The use of 10G/12G drain or not using a drain at all did not make a difference to the range of motion achieved at 2 weeks, 6 weeks, and 3 months postoperatively (Fig.  3) . At the end of 3 months, all three groups showed mild improvement in the mean range of flexion as compared to the preoperative range. None of the patients needed manipulation under anesthesia postoperatively. On day 3, active straight leg raising was possible in 22.8% patients in group A, 28.5% in group B, and 40% in group C. This difference though was found to be statistically not significant (p = 0.284). Values are presented as mean scores (standard deviation). Preoperative scores were comparable among the groups. At 3 months after surgery, patients with a 12G drain had a significantly higher NKSS. The outcome scores at 1 year after surgery were comparable. Group A: 12G (4-mm) size vacuum suction drain group, Group B: 10G (3.3-mm) size drain group, Group C: no drain group, NKSS: new Knee Society Score, OKS: objective knee score, FS: functional score, ESS: expectation and satisfaction score. *The 3-month postoperative NKSS was significantly better in group A. Post-hoc analysis revealed that the significant difference lay between groups A and B and between groups A and C. 
New Knee Society Score
Preoperatively, NKSS and its sub-components were comparable between the three groups (Table 4) . At 3 months, the groups remained comparable in the expectation score, function score and objective knee score but differed significantly in total NKSS (p = 0.018). Group receiving a 12G drain had a higher NKSS at 3 months as compared to the other two groups. At 1-year review, NKSS and its sub-components did not vary significantly amongst the three groups in the 87 patients who completed their 1-year follow-up.
Infection and DVT
None of the patients in the study developed a surgical site infection or DVT.
DISCUSSION
The most important finding of the study was the significantly higher amount of opioid consumption during the first 6 hours after the surgery, when no drain was used. Minimization of opioid consumption in the immediate postoperative period should lead to a decrease in the incidence and morbidity of opioid associated adverse effects. Patients in whom drains were used had a significantly lower opioid consumption during the first 6 hours after surgery. This reflects that the use of drain decreases immediate postoperative pain. However, we could not support this observation by VAS, since it was recorded 24 hours after the surgery. Most of the demographics and preoperative parameters of the three groups in this study were comparable. The groups were not comparable only in terms of distribution of gender and thyroid disorders. However, gender has clearly been proven to have no impact on hemoglobin loss or opioid consumption post-TKA. 17, 18) Prior to surgery, all patients diagnosed with thyroid disorders were ensured to be euthyroid. Thus, we postulate that uneven distribution of gender and thyroid disorders did not impact our results.
We hypothesize that in the absence of a drain, hematoma formation occurs during the first few hours postoperatively, leading to stretching of knee capsule and pain sensitive structures around the knee. This in turn produces pain, leading to higher consumption of mor- phine. Measurement of suprapatellar girth at 6 hours from the surgery might have shown a significant increase when no drain was used. In the study, girth measurements were made 24 hours after the surgery, which did not show any significant difference between the groups. In groups A and B, we clamped the drains for 2 hours after closure to produce a tamponade effect in order to reduce blood loss. Recent literature on the use of suction drains post-TKA presents a divided opinion. A summary of such recent studies has been provided in Table 5 . These studies have focused on blood loss, range of motion and functional outcome. de Andrade et al. 5) reported better functional outcome in the early postoperative period with the use of drain, whereas Wang et al. 20) reported better early functional outcome without the use of drain. Complete functional recovery post-TKA, however, can take up to 1 year. At 1 year postoperatively, the three groups in our study were comparable in terms of functional status. Higher blood loss with the use of drains was reported by Watanabe et al. 19) and Chen et al. 4) in spite of intra-articular application of TxA in both studies, whereas Wang et al. 20) concur with our finding that with the use of TxA, blood loss remains unaffected by the presence or absence of a drain. None of these studies have been able to highlight a difference in opioid consumption pattern between patients with drains and those without such as in our study.
This study was limited by its relatively small sample size due to strict inclusion criteria and limited time duration available for the study. Although recent single surgeon-based studies on this topic have a similar sample size (Table 5) , we maintained an aggressive follow-up to compensate for this shortcoming. We were able to follow all patients till 3 months postoperatively and 83% of the patients till 1 year postoperatively. Telephonic enquiries were made by one of the authors (RB) for the remaining 17% who could not be followed up at 1 year. Thus, we were able to gather that all patients were satisfied with the status of their knee and none of them had developed a surgical site infection. Another limitation of the study was that since the patients were discharged on the morning of day 4, we did not pursue them to get their day 5 hemoglobin levels. Keeping patients admitted for an extra day, for the purpose of this study, would lead to unnecessary social and financial burden on them, while also increasing their chances of acquiring nosocomial infection. However, a uniform protocol of measuring the hemoglobin levels on day 1 and day 3 was followed for all patients.
Presence of a suction drain significantly reduces opioid consumption during the first 6 hours after TKA. Use of a wide bore (12G) drain has a better functional outcome at 3 months postoperatively; however, the use of drain makes no difference to the functional outcome at 1 year postoperatively. With the use of TxA in TKA, the total blood loss and the requirement of blood transfusion are unaffected by the presence or absence of closed suction drainage or by the bore of the drain used. The clinical parameters such as swelling, range of motion, infection and DVT also remain the same.
